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(57) Abstract 

The present invention relates to a method for coding and transmitting a digital message (c(x)) comprising a first number of 
information bit?? (a(x)) and a second number of control bits (b(x)), said message or code word being normally transmitted contin- 
uously, as well as a method for receiving and decoding such a digital message. In order to allow for a reliable block synchroniza- 
tion and error detection, there is according to the invention suggested a code format by which there is avoided the need to wait for 
a start of a block or message, and by which there is allowed verification before synchronisation. 
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Method for coding and decoding a digital message. 
Field of the invention 

5 The present invention relates to a method for coding and 

transmitting a digital message comprising a first number of 
information bits and second a number of control bits, said 
message or code word being normally transmitted conti- 
nuously . 

10 

Further, the invention relates to a method for receiving 
and decoding a transmitted digital message comprising a 
first number of information bits and a second number of 
control bits, said message or code word being received 
1 5 normally continuously • 

Background of the invention 

The present invention has been developed in connection with 
20 automatic train control systems, but should not be limited 
to such systems. Further, the present invention has been 
developed in connection with intermittent communication, in 
which the communication can last only for a certain period 
of time due to physical constraints, but neither shall the 
25 invention be limited to this specific type of 
communication • 

However, in the present specification the invention 
will be explained in connection with for example an 
30 automatic train system. 

Prior art 

In intermittent communication which due to physical 
35 constraints can only last for a certain period, it is 

important to maximize the information transferred for a 
given reliability. An example is a train passing a radio 
beacon which transmits a message containing control 
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information. The normal way to solve this problem is for 
the beacon to transmit a known synchronization bit pattern 
before the message. This may put a constraint on the 
information in the message to avoid false synchronization. 
To ensure that the train receives at least one complete 
message, it is necessary to allow time for almost two 
messages to be received since the receiver could just miss 
the first bit of a message and therefore have to wait for 
the next message. 



Another way of solving the synchronization problem is to 
slave the radio beacon to the train receiver , but this is 
more complex and requires a transmitter in the train. 
The message is repeatedly transmitted by the beacon to 
15 increase the probability of correct reception. Those 

aspects of the system that are relevant can be summarized as 

follows . 

* The beacon transmits a binary message of the given length 
20 n. This message is repeated without gaps for as long as 

the beacon gets enough power. 

* The receiver must be able to determine th<=> block 
boundaries in the received data stream. 

* The probability of undetected error (the reliability) of 
the transmission must be guaranteed. 



Objects of the present invention 

30 

An object of the present invention is to provide a method, 
in which there is avoided the need to wait for a start of a 
block or message, and in which there is allowed data 
verification before synchronization. 

3*5 

Another object of the present invention is to provide a 
method, in which the received telegram can be as short as 
the length of the message or code word. 
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Yet another object of the present invention is to provide a 
method, in which the receiving time can be reduced to a 
minimum. 

5 Still another object of the present invention is to provide 
a method, in which the probability of receiving a correct 
message and the correct synchronization thereof is guaran- 
teed. 

10 Further, an object of the present invention is to use error 
control codes in a new way giving a new code format in which 
error control and synchronization are combined in the same 
parity bits. 

1 5 Disclosure of the invention 

In connection with a method as stated in the introductory 
part, the above objects are achieved in that on the 
transmitter side there is selected a generator polynomial 
20 producing a cyclic code, that said information bits are 

divided by said generator polynomial for thereby generating 
a remainder polynomial which is included in the message to 
be transmitted as said second number of control bits . 

25 Thereby is achieved a valid code word provided the correct 
number of bits are received, but independent of the 
synchronization shift or start bit thereof. 

In order to facilitate the control of any synchronization 
30 shift in the message or* code word it is required that on the 
transmitter side there are selected first and second 
polynomials both being generators for cyclic codes, which 
polynomials are multiplied with each other, and that said 
information bits are divided by said products for thereby 
35 generating a remainder polynomial which is included in the 
message to be transmitted as said second number of control 
bits, and more specifically in that the first of the two 
cyclic code generator polynomials is used for controlling 
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35 



error detecting capability of the message in question, 
whereas the second of the two cyclic code generator poly- 
nomials is used for acquiring synchronization. 

5 in a specific embodiment the length of the digital message 
or code word comprises a specific number of n bits, and 
there is used first and second selected generator poly- 
nomials which both produce cyclic code words of length n, 
said second generator polynomial being irreducible and not a 
10 factor in said first generator polynomial. 

In a still more specific embodiment an offset polynomial is 
added modulo 2 to the remainder of the code word in 
question, the offset polynomial being divisable by the error 
15 control generator polynomial but not the synchronization 
generator polynomials . 

Consequently, at the receiver side the method according to 
the present invention is characterized in that the message 
20 or code word is registered as such independently of the 

sequential appearance of the start of the information bits 
as long as the correct number of bits (n) in one message 
block are received . 

25 Further features and advantages relating to the present 

invention will appear from the following detailed descrip- 
tion, reference being made to the appending drawings. 



Brief disclosue of the drawings 

Fig. 1 illustrates the format of a code word block. 

Fig. 2 illustrates the polynomial corresponding to the data 
seen through a window of length n. 

Detailed description of embodiments 

The present invention will now be explaned in general terms, 
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The present invention will now be explaned in general terms, 
it being understood that the invention suggests using error 
control codes in a new way, for thereby generating a new 
code format in which error control and synchronization are 
5 combined in the same parity bits. 

The code format 

Binary vectors will he denoted by polynomials, e.g. the 
10 vector v = O k _-| , . . . , v-j , v 0 ] , is represented by the 

polynomial v(x) = vi^-jx**"* 1 ..* v^x + v 0 . For references on 
coding theory see ref.1, 2 and 3. 

The transmitted message (the code word) will be denoted by 
15 c = [c n _t . ..c-|,c 0 ], corresponding to the polynomial c(x). 

The order of transmission is from left to right, i.e.c n --j i 
the bit transmitted first, then c n _2, etc, and c Q is 
transmitted last. The same message is repeated continually. 

20 The transmitted messages are code words in a cyclic code of 
length n, the generator polynomial of which will t>e called 
g(x); i.e. c(x) is divisible by g(x) . A cyclic code is such 
that every valid code word can be divided into two parts and 
the parts interchanged, and the new code word will still be 

25 valid. The error detecting and error correcting capability 
of the proposed scheme comes from g(x). The degree of g(x) 
will be denoted by m. 

A second polynomial, which will be denoted by f (x) , will be 
30 used for synchronization. The polynomial f (x) 

* is irreducible 

* divides x n - 1 but does not divide x m -1 for 0<m<n, 

* is not a factor of g(x)„ 

35 

These constraints are easily satisfied and still leave some 
freedom in the choice of f(x). The degree of f(x) will be 
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denoted by 1. The above constraints ensure that any cyclic 
shift of the code word has a unique syndrome with respect to 
f (x) . 

5 For any two polynomials h(x) and p(x) non zero, let 

R pU) [h(x)] denote the unique polynomial r(x) of degree less 
than deg[p(x)] that satisfies h(x)= q(x)p(x) + r(x) , i.e, it 
is the remainder that results from dividing h(x) by p(x) . 

10 Let a(x) be the information polynomial, i.e, the polynomial 
corresponding to the binary vector [a k _ 1 , . . • a-j , a 0 3 of 
information bits. The number k of information bits equals 
n-l-m. Note that there is no constraint on the information 
bits, i.e, all 2 k possibilities are allowed. 

15 

The encoding rule is: 

c(x) - >c m+1 a( x >+R f(x)g(x ) rx m+1 a(x)]+o(x). 

20 The multiplication of a(x) with the factor x m+1 has the 

effect of shifting the information m+1 to the left, leaving 
m+1 bits free for the parity and offset bits. 

The remainder is calculated with respect to the product of 
25 f(3c) and g(v). The binary polynomial o(x) ("offset 11 ) is used 
for synchronization. It is divisable by g(x) but not f(x), 
and its degree is smaller that m+1. Any binary polynomial 
satisfying these constraints can be used; and as for f (x) 
above, there is no reason to choose a particular o(x). The 
30 resulting code format is shown in Fig. 1 . 

The bits are transmitted from left to right, i.e, in the 
order c n _-| , c n _2 . . . - ,c-j , cq, c n _-j , c n _2 * - - 

35 Since o(x) is divisible by g(x), c(x) is always divisible by 
g(x) and is therefore a code word in the cyclic code 
generated by g(x) . Note also that c(x)-o(x) is divisible by 
f(x), but c(x) is not. 
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The central idea of this code format is that in the absence 
of errors, any block of length n that is cut out of the 
transmitted data stream is a code word in the cyclic code 
5 generated by g(x) . Any such block is thus protected by the 
full error-detecting capability provided by g(x) . The code 
format of this section may be used with a varity of codes- 

Decoding 

10 

The basic operation to be performed by the receiver is thus 
as follows : 

1. Receive a block of n bits. 

15 

2. Look at a given window of length n . Verify this 
code word with respect to g(x) . If this is possible, go 
to step 3; otherwise shift the window and do step 2 
again. 

20 

3. Recover data from window based on parity check with 
respect to f(x). 

As an alternative, the shifting of the windows in the case 
25 of an unsuccessful decoding attempt can be left out. 
Permitting this shifting of the window increases the 
probability of successful transmission but also the 
probability of undetected error. 

Now, consider point 3 of this procedure, i.e. the recovery 
of the information from the window. Let w(x) be the 
polynomial that corresponds to the data block as seen 
through a window of length n that is shifted by s positions 
with respect to the block boundaries of the transmitted 
data, see Fig . 2 . 

If s is the shift between the block boundaries of the data 
stream and the window, then w(x)=R x n_-| [x s *c(x) ] , provided 
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In the absence of 
of the computation 

R f (x) t w ( x ) 1 



w(x) = R x n -1 fx s c(x) J. The result 



R f (x) t R x n -1 C^ s c(x) ] ] 
R f (x) tx s c(x) ] 

R f(x)f xSR f (x)[ c < x >Jl 
Rf ( x ) [x s o(x> ] 



shows that all shift s in the range 0 n-1 have unique 

syndrome Rf ( x ) [w<x) ] . For, let a and s', ezs 1 be two shifts 
in that range, and consider R f ( x ) [x s o(x) ]-R f ( x ) [x s o(x) ] = 
Rf (x) [3cS( 1 „ x s , -S) 0 ( x ) ] m since both x s and o(x) have no 
common factors with f(x), this expression is zero if and 
only if f(x) divides 1-x s '- s ; but since n is the smallest 
interger such that f(x) divides x n -l, this implies s' = s. 
The information a(x) can thus easily be recovered from w(x): 
i.e. shifting w(x) cyclically s times to the right yields 
c(x) . 
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Patent Claims 

1 . Method for coding and transmitting a digital message 
(c(x)) comprising a first number of information bits 
5 (a(x)) and second a number of control bits (b(x)), said 
message or code word normally being transmitted 
continuously, characterized in that on the 
transmitter side there is selected a generator polynomial 
(CRC(x)) producing a cyclic code, that said information bits 
10 (a(x)) are divided by said generator polynomial (CRC(x) ) 
for thereby generating a remainder polynomial (c 3 -(x)) 
which is included in the message to be transmitted as 
said second number of control bits (a(x) , c r (x) ) . 

15 2 . Method as claimed in claim 1 , 

characterized in that on the transmitter side 
there are selected first and second polynomials (g(x) and 
f(x)) both being generators for cyclic codes, which 
polynomials are multiplied with each other, and that said 

20 information bits (a(x) are divided by said product 

(g(x)*f(x)) for thereby generating a remainder polynomial 
(c r (x)) which is included in the message to be transmitted 
as said second number of control bits (»(x),c r (x) ) . 

25 3, Method as claimed in claim 1 or 2 , 

characterized in that a first of the two 
cyclic code generator polynomials (g(x) ) is used for 
monitoring error detecting capability of the message in 
question, whereas a second of the two cyclic code generator 

30 polynomials (£(x)) is used for acquiring synchronization. 

4 . Method as claimed in claim 2 or 3 , 

characterized in that the length of the 
digital message or code word (c(x)) comprises a specific 
35 number of n bits (for example 255), and that there are used 
first and second selected generator polynomials (g(x) and 
f (x) which both produce cyclic code words of length n, and 
that one generator polynomial (f(x)) is irreducible and not 



BNSDOCID: <WO 9306662A1 I > 



WO 93/06662 



PCT/NO92/00156 



10 

a factor in the other generator polynomial (g(x))* 
5. Method as claimed in claim 3 or 4, 

characterized in that an offset polynomial 
5 (o(x)) is added modulo 2 to the remainder of the code word 
in question, and that the offset polynomial (o(x) ) is 
divisable by the error control generator polynomial (g(x)) 
but not the synchronization generator polynomials (f(x)). 

10 6. Method for receiving and decoding a transmitted digital 
message: (c(x) ) comprising a first number of information 
bits (a(x)) and second a number of control bits (b(x)), said 
message or code word being received normally continuously, c 
haracterized in that at the receiver side the 

15 message or code word is registered as such independently of 
the sequential appearance of the start of information bits 
(a(x)) as long as the correct number of bits (n) in one 
message block are received. 

20 7. Method as claimed in claim 6, 

characterized in that at the receiver side the 

digital message or code word (c(x)) is divided by the same 
error control generator polynomial (g(x) ) as selected on the 
transmitter side, whereby there is obtained a local 
25 remainder, which if zero indicates a probale error free 
message or code word. 

8. Method as claimed in claim 6 and 7, 

character ized in that at the receiver side 
30 the digital message or code word (c(x)) is divided by the 

same synchronization generator polynomial (f(x)) as selected 
on the transmitter side, whereby there is obtained a local 
remainder, which if non-zero determines uniquely the number 
of bits the code word has to be rotated to recover the 
35 information polynomial (a(x) ) . 



9. Method as claimed in claim 8, 
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11 

characterized in that at the receiver side 
the digital message or code word (c(x)) is rotated and 
divided by the same synchronization generator polynomial 
( f ( x ) ) as selected on the transmitter side, until the local 
5 remainder is equal to the remainder obtained by dividing the 
offset polynomial (o(x) ) by the synchronization generator 
polynomial <f(x)), and the information polynomial (a(x)) can 
be recovered from the first part of the rotated received 
code word ( c ( x ) ) . 

10 
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